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(57) ABSTRACT

An end point detection window prevents process failures in
a plasma etching device. The end point detection window
has a body of aluminum or an aluminum alloy through
which a hole extends to provide a path along which light
ogenerated during the etching process can pass from the
process chamber, and a capping section coupled to a light
outlet of the body. The capping section i1s of quartz for
allowing the light passing through the hole 1n the body to be
transmitted out of the process chamber.

7 Claims, 7 Drawing Sheets
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WINDOW FOR ALLOWING END POINT OF
ETCHING PROCESS TO BE DETECTED
AND ETCHING DEVICE COMPRISING THE
SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the process of etching thin
f1lms 1n the manufacturing of semiconductor devices. More
particularly, the present invention relates to a window that
allows the end point of an etching process to be determined
and to an etching device comprising the same.

2. Description of the Related Art

Currently, semiconductor devices are being developed at
a rapid pace due to the widespread use of computers for
processing various types of information. Semiconductor
devices must operate at high speeds and have the capacity to
store a large amount of information. The current art 1s thus
focused on developing and realizing memory devices having
a high degree of mtegration, response speed, and reliability.
In this respect, the manufacturing of semiconductor memory
devices must include highly precise process techniques,
such as thin film forming and etching techniques, if the
devices are to be highly integrated.

The etching technique removes predetermined portions of
films formed on a semiconductor substrate to produce a
desired pattern. These days, the typical design rule of a
semiconductor device manufacturing process 1s less than
0.15 um. Accordingly, dry etching devices using plasma are
mainly used for etching films on a semiconductor substrate.

Although plasma etching devices differ slightly from one
another depending on the method 1n which they form the
plasma, the devices all include a process chamber having a
chuck for supporting a substrate, and a plasma forming
section. Still further, various elements are provided 1n the
process chamber for ensuring that the film formed on the
substrate 1s etched a precise amount. These elements 1nclude
an end point detection window for transmitting light gener-
ated during the etching process and a detector for sensing the
wavelength of the light transmitted through the end point
detection window.

An example of a method of and apparatus for detecting
the end point of an etching process by sensing the wave-

length of the light rradiated during the etching process is
disclosed 1 U.S. Pat. No. 5,288,367 1ssued to Angell et al.

Angell et al. disclose an end point detection window
attached to a sidewall of a process chamber so as to allow the
light in the process chamber to be transmitted out of the
process chamber. In addition, the end point detection win-
dow 1s made of quartz for effectively transmitting the light.

The side of the end point detection window that faces the
interior of the process chamber 1s referred to as the upper
surface of the window, whereas the other side of the end
point detection window 1s referred to as the lower surface.
The upper surface of the end point detection window has a
hole at the center thereof. The bottom of the hole 1s blocked
at the lower surface of the end point detection window.
Therefore, when etching the films, the radiated light passes
through the hole formed 1n the end point detection window.
However, plasma 1ons 1n the process chamber cannot be
transferred to the detector because the bottom of the hole 1s

blocked.

Nonetheless, the conventional end point detection win-
dow has several problems.
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Firstly, the conventional end point detection window can
be easily broken. The frequent replacing of a broken end
point detection window adds significantly to the manufac-
turing cost of the semiconductor devices and requires much
down time, thereby lowering the productivity of the manu-
facturing process.

In addition, the conventional end point detection window
generates particles during the etching process. These par-
tficles may cause the etching process to fail. More
specifically, part of the plasma generated during the etching
process collides with the iner wall surface of the detection
window that defines the hole therein. As the etching process
1s continuously performed, the inner wall surface 1s thus
damaged over time.

Generally, the mner wall surface of the quartz end point
detection window 1s processed so as to be smooth. As a
result of this process, the inner wall surface has a great deal
of grain boundaries. For this reason, portions of the inner
wall surface are easily broken. The particles of the broken
quartz drop onto films formed on a wafer, which are subject
to the etching process. Such quartz particles have a silicon
or oxygen component that prevents appointed areas of the
films from being etched, thereby creating bridges between
patterns.

FIG. 1 is a graph produced by an EDS (Energy Dispersive
X-ray Spectrometer) showing a componential analysis of a
bridge section of a patterned film. The patterned film was
formed using an etching device having a conventional end
point detection window. As shown 1n the graph, oxygen (A)
and silicon (B) are detected in the bridge section. Because
the inner wall of the process chamber 1s made of aluminum
or an aluminum alloy, the silicon and oxygen are deemed to
derive from particles separated from the quartz end point
detection window.

SUMMARY OF THE INVENTION

An object of the present invention 1s to obviate the above
problems of the prior art. Therefore, a first object of the
present 1nvention 1s to provide an end point detection
window capable of reducing process failures in an etching
process. Likewise, an object of the present invention 1s to
provide an etching device which 1s not prone to creating
process failures.

The end pomt detection window comprises a body of
aluminum or an aluminum alloy attached to a side of the
process chamber of the etching device, and a quartz cap
coupled to the body. The body has a hole extending there-
through defining a route along which light generated during
an ctching process can pass. The quartz cap 1s coupled to a
light outlet at the bottom of the hole 1n the body for allowing
light passing through the hole to be transmitted out of the
process chamber.

In addition to the process chamber, 1n which an etching
process 1s carried out for patterning films formed on a
substrate, and the end point detection window, the etching
device includes a detecting section for detecting the wave-
length of light transmitted through the end point detection
window. The detection section may include an optical cable
having one end connected to the quartz cap, a detector
connected to the other end of the optical cable, and an optical
filter disposed 1n the optical cable. The detector may com-
prise a spectrometer and a PMT (photomultiplier) tube.

The end point detection window of the present invention
can withstand the bombardment of plasma ions produced
during the etching process. That 1s, the aluminum or alumi-
num alloy body of the detection window 1s hardly abraded
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by the plasma 10ons. Therefore, process failures, such as the
bridging of patterns formed by the etching process, are
minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present mvention will become more apparent from the
following detailed description of the preferred embodiments
thereof made with reference to the attached drawings, of
which:

FIG. 1 1s a graph showing a componential analysis in a
bridge section of a patterned film formed using an etching
device having a conventional end point detection window;

FIG. 2A 1s a top view of an end point detection window
according to the present 1nvention;

FIG. 2B 1s a perspective view of the end point detection
window according to the present invention;

FIG. 2C 1s a bottom view of an end point detection
window according to the present 1nvention;

FIG. 3 1s a perspective view of a body and a capping
section of the end point detection window according to the
present 1nvention, showing the way in which they are
assembled;

FIG. 4 1s a schematic diagram of an etching device
according to the present invention;

FIG. 5 1s a schematic diagram of a detecting section of the
etching device according to the present invention; and

FIGS. 6 and 7 are graphs showing particle distributions
after performing an etching process using the conventional
ctching device and the etching device according to the
present mvention, respectively.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion will be described 1n detail with reference to accompa-
nying drawings.

FIGS. 2A to 2C show an end point detection window
according to the present invention. In the description below,
the side of the end point detection window that faces the
process chamber when the end point detection window 1s
attached to the process chamber will be referred to as the
upper portion of the end point detection window.

Referring to FIGS. 2A to 2C, the end point detection
window 10 mcludes a body 12 and a capping section 14. The
capping section 14 comprises a quartz cap and 1s coupled to
a predetermined portion of the body 12 through which the
light propagates out of the body 12.

The body 12, on the other hand, 1s made of aluminum or
an aluminum alloy. In addition, the body 12 1s anodized to
form an aluminum oxide (AL, O,) film on the surface of the
body 12. The aluminum oxide (AlL,O3) film improves the
corrosion resistance, abrasion resistance and electric resis-
tance of the body 12. In addition, the roughness of the
surface 1s improved, so that the surface 1s prevented from
being damaged when plasma 1ons collide with the surface
during the etching process. Accordingly, process failures,
such as arcing, are minimized.

The body 12 has a hole 124 through which light passes

during the etching process. In addition, a plurality of first
slots 12b are provided 1 a side of the body 12. Screws
inserted 1nto the first slots 125 fix the body to the process
chamber.

The capping section 14 prevents the plasma 1ons gener-
ated during the etching process from discharging out of the
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process chamber, and allows the light generated during the
etching process to pass therethrough. To this end, the quartz
cap of the capping section 14 1s coupled to a light outlet of
the body 12 through which light 1s transmitted through the
body 12, 1.¢., the cap covers the bottom of the hole 12a. In
particular, the capping section 14 i1s detachably coupled to
the body 12 so that the capping section 14 can be replaced
with new one when the capping section 14 1s damaged.
Various ways can be used to detachably couple the body 12
and the capping section 14. FIG. 3 shows one example of
such a detachable coupling.

Referring to FIG. 3, the body 12 has a second slot 12¢

formed at the bottom of the body 12 and extending from the
hole 12a to the outer peripheral surface of the body 12. The
second slot 12¢ 1s thus contiguous with the bottom of the
hole 12a. The width of the second slot 12¢ 1s 1dentical to the
diameter of the hole 12a. In addition, third slots 12d are
formed at both sides of the second slot 12¢ and extend
continuously to the bottom of the hole 12a. The capping
section 14 1s press-fitted to the body 12 within the third slots
12d. The capping section 14 1s a plate shaped such that the
capping section 14 fits into the third slots 124 of the body 12
as extending from a periphery of the body 12 to the hole 12a.

In order to allow the capping section 14 to be inserted 1nto
the body 12 from the periphery of the body 12 to the hole
124, the sides of the second slot 12¢ and the third slots 12d
extend parallel to one another from the bottom of the hole
12a to the periphery of the body 12. Although the sides of
the second slot 12¢ are shown as being parallel to one
another 1n the figure, the second slot 12¢ can be formed such
that the distance between the sides thereol increases 1 a
direction from the hole 12a toward the periphery of the body

12.

FIG. 4 shows an etching device according to the present
invention. Referring to FIG. 4, a chuck 34, on which a
substrate 1s placed, 1s provided 1n a process chamber 32. The
substrate 1s etched 1n the process chamber 32 to pattern films
formed on the substrate. In addition, a plasma forming
section 36 1s provided to form plasma in the process cham-
ber 32. The plasma forming section 36 includes a plate
clectrode 36a disposed at an upper portion of the process
chamber 32, and an RF power supply 365 for supplying
power to the electrode 36a. Therefore, etching gas supplied
into the process chamber 32 i1s converted into plasma. In
addition, a bias power supply 38 applies a bias to the chuck
34 to provide a predetermined orientation to the plasma,
thereby improving the etching efficiency.

The end point detection window 10 1s attached to one side
of the process chamber 32 to transmit light, radiated during
the etching process, out of the process chamber 32. A
detecting section 40 detects the wavelength of the light
transmitted through the end point detection window 10. As
mentioned above, the end point detection window 10
includes a body 12 having a hole 12a defining the route
along which the light generated during the etching process
passes through the window, and a quartz capping section 14
attached to the light outlet of the body 12. The body 12 1s
made of aluminum or an aluminum alloy. The capping
section 14 transmits the light passing through the hole 124,
but blocks the plasma 1ons such that the plasma 1ons cannot
be transferred to the detecting section 40. Therefore, the
detecting section 440 1s protected from the plasma 1ons by the
capping section 14.

FIG. § shows the detecting section of the etching device.
As shown 1n FIG. 5, the detecting section 40 comprises an
optical cable 40a connected to the end point detection
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window 10 for transferring the light transmitted through the
end point detection window 10. An opftical filter 40b 1is
provided on the optical cable 40a, such that only light of a
certain a wavelength band passes through the optical filter
40b. In addition, a spectrometer 40c 1s connected to the
optical cable 40a to receive the light which has passed
through the optical filter 40b. The light 1s divided by the
spectrometer 40c based on the wavelength thereof. A PMT
(photomultiplier) tube 40d is provided to amplify the light of
a predetermined wavelength which has been divided out by
the spectrometer 40c, and to convert the amplified light to an
clectric signal. When the voltage of the signal produced by
the PMT 40d changes a certain amount, the etching of the
film formed on the substrate should be terminated, 1.e., the
end point of the etching process 1s detected. More
specifically, the substrate has a base film thereon, and
predetermined films to be etched stop the base film. The base
film will thus be etched after the predetermined films have
been completely etched. The wavelength of the light radi-
ated during the etching of the base film 1s different from the
wavelength of the light radiated during the etching of the
predetermined films. As a result, the voltage of the signal
produced by the PMT tube 40d changes once the base film
begins to be etched. Accordingly, this change of voltage
indicates the end point of the etching process.

A method of forming a pattern on the substrate using the
etching device according to the present invention will now

be described.

Firstly, a substrate having a multi-layered film thereon 1s
placed on the chuck 34. A photoresist pattern 1s formed on
an uppermost layer as an etch mask. In addition, a process
atmosphere suitable for etching the uppermost layer 1s
produced 1n the process chamber 32. That is, etch gas 1s
supplied into the process chamber 32 and power 1s applied
to the upper electrode 36a. In addition, a bias 38 1s applied
to the chuck 34 while a predetermined temperature and
pressure are maintained 1n the process chamber 32.

As a result, the etch gas 1s converted into a plasma. The
plasma 10ns react with the films formed on the substrate such
that the films are etched. While the etching process 1s being
carried out, light 1s generated due to the reaction between the
films and the plasma 1ons. The wavelength of the light
depends on the material of the film that reacts with the
plasma 1ons. In any case, the light generated during the
ctching process 1s transmitted through the end point detec-
tion window 10 to the detecting section, and the detecting
section 40 detects the wavelengths of the light, whereby the
etching process end point can be discerned.

The end point detection window 10 1s highly resistant to
being abraded because the body 12 of the end point detection
window 10 1s made of alummmum or aluminum alloy.
Accordingly, the collision of the plasma 10ons with the upper
portion of the end point window 10 exposed to the ions
causes minimal damage. That 1s, few particles are created
even when the end point detection window 10 1s damaged.
As a result, the bridges created when particles fall onto the
f1lm that 1s being etched are minimized. In addition, the end
point detection window 10 has a comparatively long useful
life which helps keep down the manufacturing cost of the
semiconductor devices.

Particle Inspection

FIGS. 6 and 7 are graphs showing particle distributions
alter etching processes are performed using the conventional
ctching device and the etching device according to the
present ivention, respectively.

More specifically, the graphs show the results of 1nspec-
tions carried out by sampling wafers from each of respective
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lots on which the etching process was performed. The same
ctching device was used for each lot with the exception of
the end point detection window, which was exchanged
(conventional for the one according to the present invention)
between lots. In addition, the inspection processes were
performed using two discrete but similar etching devices.

In graphs shown 1n FIGS. 6 and 7, the data in sectionl was
obtained using the conventional end point detection window
and the data 1n section II was obtained using the end point
detection window according to the present imnvention.

In the graphs, each plotted point represents the number of
particles found on a respective waler sampled from a lot.
That 1s, each point shows the level of particles of a water lot.
As shown 1n the graphs, when an etching device employing
the conventional end point detection window 1s used, a
greater number of particles are produced on the wafers 1n a
lot than when an etching device employing the end point
window of the present invention is used. In particular, when
an etching device employing the conventional end point
detection window 1s used, the number of particles found on
walers etched in succession periodically increases.
Accordingly, 1t can be seen that the conventional end point
detection window 1s damaged at a predetermined point of
time 1n the course of carrying out the etching processes
continuously, whereupon the particles drop onto the wafer.

Hereinafter, FIGS. 6 and 7 will be described further with

reference to table 1.

TABLE 1

[nspected Normal Particle Rate of normal

lot lots presenting lot lots
Conventional 191 166 25 86%
etching device
#1 (FIG.6)
Conventional 38 16 22 42%
etching device
#2 (FIG. 7)
Total 229 182 4’7 78%
Etching device of 31 27 4 87%
present mventio
#1 (FIG. 6)
Ftching device of 34 32 2 94%
present mventio
#2 (FIG. 7)
Total 65 59 6 91%

In Table 1, a normal lot refers to a lot in which the wafer
sampled has fewer than 20 measured particles. As can be
seen from Table 1, the etching device employing the con-
ventional end point detection window produces normal lots

at a rate of about 78%. On the contrary, the etching device
employing the end point detection window of the present
invention produces normal lots at a rate of about 91%.
Therefore, the end point detection window of the present
invention effectively reduces the number of particles pro-
duced during the course of etching lots of wafers.

Although the present invention has been described in
detail with reference to the preferred embodiment thereof,
various changes to, substitutions and alterations of the
preferred embodiment will become apparent to those skilled
in the art. All such changes, substitutions and alterations are
seen to be within the true spirit and scope of the imnvention
as defined by the appended claims.

What 1s claimed 1s:

1. An end point detection window of an etching device,
the end point detection window comprising:

a body of aluminum or an aluminum alloy, said body
having a hole extending longitudinally therethrough
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defining a route along which light generated during an
ctching process can pass, a second slot and third slots
in the bottom thereof, said second slot extending radi-
ally from the bottom of said hole to an outer peripheral
surface of the body, and said third slots open at oppos-
ing sides of the second slot, respectively, and extending
in a direction from the bottom of said hole to the outer
peripheral surface of the body, and said body having a
light outlet at which the bottom of said hole 1s located,;
and

a quartz cap fitted to said body within the third slots
thereof, said quartz cap spanning the second slot and
covering the bottom of said hole 1n the body, whereby
light passing through the hole 1n the body 1s allowed to
pass through the window and plasma 10ns are prevented
from passing through the window, and said quartz cap
being slidable radially of said hole along said third slots
into and out of said body so as to be detachably coupled
to said light outlet of the body.

2. The end point detection window as claimed 1n claim 1,
wherein said body has an oxide aluminum (Al,O;) film
forming an outer surface thereof.

3. The end point detection window as claimed 1n claim 1,
wherein the body has first slots in an outer surface thereof
that allow the body to be fixed to a process chamber.

4. An etching device for use in manufacturing semicon-
ductor devices, the etching device comprising:

a process chamber in which an etching process is carried
out for patterning films formed on a substrate;

an end point detection window attached to one side of the
process chamber so as to transmit light generated
during the etching process out of the process chamber,
said end point detection window including a body of

aluminum or an aluminum alloy and a quartz cap,

said body having a hole extending therethrough defining
a route along which light generated during the etching,
process can pass through the window, a second slot and
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third slots 1n the bottom thereof, said second slot
extending radially from the bottom of said hole to an
outer peripheral surface of the body, and said third slots
open at opposing sides of the second slot, respectively,
and extending 1n a direction from the bottom of said
hole to the outer peripheral surface of the body, and
said body having a light outlet at which the bottom of
said hole 1s located,

said quartz can fitted to said body within the third slots
thereof, said quartz cap spanning the second slot and
covering the bottom of said hole 1n the body, whereby
light passing through the hole 1n the body 1s allowed to
pass through the window and plasma 10ns are prevented
from passing through the window, and said quartz cap
being slidable radially of said hole along said third slots
into and out of said body so as to be detachably coupled

to said light outlet of the body; and

a detecting section connected to said end point detection
window, said detection section including a detector
operable to detect the wavelength of light transmitted
through the quartz cap of the end point detection
window.

5. The etching device as claimed 1n claim 4, wherein said
body has an oxide aluminum (Al,O5) film forming an outer
surface thereof.

6. The etching device as claimed 1n claim 4, wherein said
detection section further comprises an optical cable connect-
ing the end point detection window to said detector.

7. The etching device as claimed 1n claim 4, wherein the
detecting section includes an optical filter interposed
between said end point detection window and said detector
for allowing light having a predetermined wavelength band
to pass therethrough, and said detector comprises a
spectrometer, and a photomultiplier tube that amplifies light
of a predetermined wavelength and converts the amplified
light to an electric signal.
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